ABSTRACT We report nucleotide sequences of the regions surrounding the 5' ends of the genes for Drosophiia melanogaster heat-shock proteins hsp83, hsp68, and hsp26, located at chromosome positions 63BC, 95D, and 67B, respectively. As in other eu-T karyotic genes, the sequence T-A-T-A-A-A-A occurs about 30 nucleotides upstream from the sites of mRNA initiation. Three additional sequence homologies and a dyad symmetry were noted at approximately corresponding locations in the three genes and in the gene for another heat-shock protein, hsp70. We also found an intron near the 5' end of the hsp83 gene, with sequences at its boundaries typical of splice sites found in other organisms.
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Heat shock and certain other stimuli coordinately induce in Drosophilia melanogaster vigorous and preferential transcription and translation of sequences encoding seven characteristic proteins [reviewed by Ashburner and Bonner (1) ]. In order to identify homologies ofpossible significance in controlling these responses, we have determined nucleotide sequences in the neighborhood of the mRNA initiation sites of the genes coding for heat-shock proteins hsp83, hsp68, and hsp26, located at chromosome positions 63BC, 95D, and 67B, respectively. We include in this comparison a sequence published for the genes coding for hsp70, located at chromosome positions 87A and 87C (2, 3) . We also have investigated an earlier indication that, unlike genes for the other heat-shock proteins ofD. melanogaster, the gene for hsp83 contains an intron (4, 5) .
MATERIALS AND METHODS
Clones and Subclones. Clones A6, A15, and A88 are from a A Charon 4 library (6) of D. melanogaster DNA prepared from embryos of the Canton S strain. Clone A301 is from our A Charon 4A library of partially EcoRI-digested DNA from embryos ofD. melanogaster Oregon R. The left arm ofA lies to the left of the inserts in A15 and A88, as oriented in Fig. 1 . Clone pPW244 is a fragment of Oregon R embryo DNA in pMB9. Clones pPW244 and A88 have been described elsewhere (4, 5) . Subclone 301.1 is an 8.2-kilobase (kb) EcoRI fragment of clone A301 inserted at the EcoRI site of pBR322, with the tet gene of the plasmid to the left of the Drosophila insert. Subclone 6.1 is a 3.6-kb HindIII-Sal I fragment of clone A6 inserted at the corresponding sites of pBR322.
Heat-Shock RNA. Nuclear and cytoplasmic RNA from Schneider line 2 cells kept at 36°C for 5 min and 60 min, respectively, and whole-cell RNA from 12-to 18-hr Oregon R embryos kept at 37°C for 60 min were prepared as described (4, 5, 7) .
Mapping and Sequence Determinations. Transcribed regions were identified as fragments protected by hybridization with heat-shock RNA against digestion with endonuclease S1 (Boehringer Mannheim) and exonuclease VII (gift of J. Chase) as described by Berk and Sharp (8) with minor modifications (4). Sequence determinations were done by the method of Maxam and Gilbert (9) . Nuclease Sl-resistant termini were located on sequence analysis gels as described by Sollner-Webb and Reeder (10) after digestion of DNA-RNA hybrids with 10,000 units of nuclease S1 per ml for 5-10 min in 50 mM NaOAc, pH 4.5/0.3 M NaCl/1 mM ZnClJ1%0% formamide at 37°C. Nuclease Sl-resistant termini near the mRNA initiation sites of hsp83 and hsp68 were mapped on the respective Hha I-Ava II and Hinfl-Hinfl fragments of clones 301.1 and A15, protected by hybridization with nuclear heat-shock RNA. The nuclease Sl-resistant terminus near the distal splice site of hsp83 was mapped on the Hpa II-HinfI fragment ofclone 301.1 protected with cytoplasmic heat-shock RNA. The mRNA initiation site of hsp26 was mapped by using the Pst I-Hae II fragment ofclone A88 hybridized with whole-cell heat-shock RNA. DNA-primed reverse transcripts of cytoplasmic heat-shock RNA were synthesized as described by Bina-Stein et al. (11) with avian myoblastosis virus reverse transcriptase provided by J. Beard. The primer DNA for reverse transcription was prepared from the 5'-end 32P-labeled 0.8-kb Xho I-Hin fl fragment covering the proximal hsp83 splice site by Hha I digestion and purification of a 50-base-pair Hha I-Hinf[ fragment. The preparation of R-loop samples for electron microscopy and other procedures have been described (4, 5, 7, 12) .
RESULTS AND DISCUSSION An Intron in the Gene for hsp83. Fig. 1 presents restriction maps of cloned DNA fragments containing the genes for hsp83 (clones 301.1 and A6), hsp68 (clone A15), and hsp26 (clone A88), indicating the regions homologous to the respective mRNAs and showing the hsp83 intron. The possibility of an intron was suggested by the finding in heat-shock nuclear RNA of transcripts homologous to the hsp83 messenger sequence that are longer than the 3-kb mRNA (4) . Also, electrophoresis of nuclear heatshock RNA on agarose gels containing methylmercuric hydroxide showed in addition to the 3-kb hsp83 mRNA, a species of approximately 3.7 kb that hybridized to the hsp83 message sequence,.presumably corresponding to the unspliced transcript (R. Freund, unpublished data). The presence of an intron was confirmed by the observation that hybridization with whole-cell heat-shock RNA protected a 2.6-kb segment of clone 301.1 against endonuclease S1 and a 3.7-kb segment against exonuclease VII, as shown in Fig. 2 Fig.  3 . The intron is seen as a double-stranded DNA loop adjacent to an R loop.
As indicated in Fig. 1 , the length of the intron in clone A6 is 0.2 kb less than that in clone 301.1. Restriction analysis of embryo DNA shows only the 0.9-kb intron in the population of Oregon R from which clone 301.1 was derived. Both the 0.9-kb and the 0.7-kb forms occur as a polymorphism in our stock of Canton S.
The gene for hsp68 appears to lack intervening sequences. Hybridization of clone A15 with whole-cell heat-shock RNA protects only a 2. 1-kb fragment whether digestion is carried out with endonuclease S1 or exonuclease VII. Thus, of the genes for the seven major D. melanogaster heat-shock proteins, it appears that only the gene for hsp83 is split (4, 5 After digestion with endonuclease S1 or exonuclease VII, the mixture was electrophoresed on an alkaline agarose gel, and the DNA was transferred to nitrocellulose paper, hybridized with 32P-labeled clone 301.1 DNA, and autoradiographed. The 3.7-kb component corresponds to the unspliced hsp83 transcript and the 2.6-kb fragment corresponds to the second exon.
hsp26 genes are given in Fig. 4 , along with a recently reported sequence for a gene specifying the heat-shock protein hsp70 (2, 3). In each case, as in other eukaryotic genes, the sequence T-A-T-A-A-A-A occurs about 30 nucleotides upstream from the site of messenger initiation. The approximate location of each mRNA initiation site was determined from a sequencing gel of a 5'-end 32P-labeled restriction fragment covering the initiation site, on which also was run the RNA-protected nuclease Sl-resistant DNA prepared from the same 32P-labeled fragment. The band formed by the resistant fragment identifies its terminus with respect to the sequencing ladder (10) . The distal end of the hsp83 intron was located in the same manner. These termini, indicated by stars in Fig. 4 , may differ from the actual origins and splice site by a few nucleotides, depending on the action of nuclease S1. The initiation site in the hsp7o sequence has been mapped at position +33 by Torok and Karch (2) and approximately at position +30 by Ingolia et al. (3) . Because adenine generally follows the cap in eukaryotic messages (13) , the occurrence of A in each sequence at position +33 suggests that this is the initiation site for all four heat-shock genes.
In the regions where we mapped the proximal and distal boundaries of the hsp83 intron, there exist the sequences A-A-
G-G-T-G-A-G-T and A-T-T-G-C-A-G-A, respectively, resembling the consensus sequences CA-G/G-T-A-A-G-T and Y-Y-T-
X-C-A-G/G, in which slashes designate the splice sites (14) . With the assumption that the first exon extends from position +33 to the presumed splice site in the proximal consensus sequence, its length is 149 nucleotide pairs.
T In addition to T-A-T-A-A-A-A, three other homologies between the four heat shock genes may be noted, as indicated by boxes in Fig. 4 near positions + 10, +40 , and + 130. The hsp 70 gene has two adjacent representations of the position + 130 homology and, like the hsp68 genes, it has another near position +55. There is also a homology in the hsp83, hsp68, and hsp70 sequences near position -70, which is not seen in the hsp26 sequence. It is known that the hsp68 and hsp70 message regions can form an imperfect heteroduplex, indicating considerable homology between their coding sequences (4). However, the homologies in their 5' regions tend to be localized to a few clusters, among which the homologies with hsp83 and hsp26 are included (Fig. 4) .
A further resemblance in the sequences of all four genes is an imperfect dyad in the region near position -25, as indicated by underlining in Fig. 4 . The dyad in the hsp70 sequence has been noted by Ingolia et al. (3) and is homologous to the dyad at the same location in the hsp26 sequence. A few additional dyads of comparable extent occur elsewhere in the sequenced regions of the four genes. The region near position -25 is the only one, however, in which dyads occur in all four sequences within so limited an interval. The "recognition sequence" near position -50 in the hsp70 nucleotide sequence discussed by Ingolia et al. (3) is not evident in the sequences ofthe three other heat-shock genes.
T Except for T-A-T-A-A-A-A, the homologies we find in the four genes are not very exact. Nevertheless, their occurrence at approximately corresponding locations in the otherwise largely divergent 5' regions of four different genes supports the possibility that they are maintained by selection. They are not present in gene sequences ofother insects (15, 16) 
